[Abstract] Amino acid racemases are enzymes that invert the α-carbon stereochemistry of amino acids (AAs), interconverting amino acids between their L-and D-enantiomers in a reversible reaction. In bacteria, they are known to have catabolic physiological functions but are also involved in the synthesis of many D-AAs, including D-glutamate and D-alanine, which are necessary components of the peptidoglycan layer of the bacterial cell wall. As such, amino acid racemases represent significant targets for the development of bactericidal compounds. Amino acid racemases are also regarded by the biotechnological industry as important catalysts for the production of economically relevant D-AAs. Here, we provide a detailed protocol using high performance liquid chromatography (HPLC) and 1-fluoro-2,4-dinitrophenyl-5-L-alanine amide (FDAA, also Marfey's reagent) for the characterization of novel amino acid racemases. The protocol described here was designed to obtain accurate kinetic parameters (kcat, KM values).
Enzyme concentrations and reaction times were optimized so as to minimize the reverse reaction, which can confound results when measuring racemase reactions. 2. After chromatography and buffer exchange, the enzyme was divided into 50 μl aliquots and was snap-frozen before long-term storage at -80 °C.
Materials and Reagents
B. Enzyme assays 1. Enzyme reactions were performed in 2 ml microfuge tubes. 2014 concentrations were used to determine relative substrate specificity, and between 1 nM and 2 μM -to calculate the enzyme kinetics. For further specifics, please see Goodlett et al. (1995) .
b. The molar concentration of enzyme used was kept at 10% or less of the initial substrate concentration.
5. Assay was performed at 37 °C for 1 min.
a. The assay duration was chosen so that only 10% or less of the initial substrate was consumed in order to minimize the occurrence of the reverse reaction.
6. To quench the assay, 40 μl of 2 M HCl was added and mixed by pipetting.
7. In preparation for derivatization, 40 μl 2 M NaOH was added to neutralize the acid.
8. 50 μl of the neutralized, quenched assay was transferred to a new 2 ml microfuge tube.
9. 100 μl of 0.5% Marfey's reagent in acetone was added.
10. 20 μl of 1 M NaHCO3 was added to make the solution alkaline, and the contents were mixed via pipetting. 12. Derivatization reaction was briefly centrifuged to collect any condensation from the lid of the microfuge tube.
13. Reaction was cooled at room temperature for 5 min.
14. 100 μl of the reaction was mixed with the solution in step B11b to prepare a 10-fold dilution.
15. The diluted derivatization reaction was passed through a PTFE 0.22 μm syringe filter and placed into an amber HPLC vial. a. Derivatization reactions should be kept in an amber vial to prevent photochemical decomposition of the absorbing chromophore (Marfey, 1984) . In our case, assays were analyzed within 48 h after derivatization.
16. The same procedure as above was followed (the enzyme addition was omitted.) to determine AA elution times and prepare standard curves.
C. HPLC analysis 1. The specific column employed in our case was Waters Nova-Pak, C18 column.
2. 10 μl of the diluted derivatized reaction (from step B15) was analyzed.
3. Flow rate was 0.5 ml/min. 
